atalysis lies at the heart of the production of more than 80% of all chemicals and petrochemicals 1 . In many processes, the chemical transformation takes place on the surface of catalytic, nanometre-scale metal particles. The size and shape of these particles and their chemical composition can greatly influence the effectiveness of a reaction and determine which products form 2, 3 . Zhong et al. 4 report on page 84 that nanoprisms of a carbon-bearing cobalt compound, cobalt carbide (Co 2 C), convert a mixture of carbon monoxide and hydrogen to valuable chemicals known as short-chain olefins. The authors' discovery is particularly surprising because the spherical counterparts of these crystallites are of little use in this reaction, and because spherical particles of cobalt metal produce a completely different product.
Mixtures of carbon monoxide and hydrogen are known as synthesis gas, and can be produced from a variety of carbon-containing feedstocks, including coal, natural gas, biomass and even waste. Synthesis gas is an important intermediate that can be further processed to yield chemicals such as methanol, ammonia and hydrogen, which are widely used in the chemical industry. Notably, it can also be used in the Fischer-Tropsch process, which converts the gas mixture into gaseous, liquid and solid hydrocarbons in a polymerization reaction that takes place on the surface of metallic cobalt or iron-based catalysts. The products contain linear chains of carbon atoms -the longest can contain more than 100 -and are used mainly to make highquality synthetic fuels 5 ( Fig. 1) . The Fischer-Tropsch process is practised industrially by several major companies around the world, but its commercial viability depends on many factors, most notably the price of crude oil. A potential way to greatly increase the profitability of this process is to capitalize on its ability to produce high-value chemicals -a seemingly underused feature. In particular, short-chain olefins (unsaturated hydrocarbons that contain two to four carbon atoms) can be made [5] [6] [7] . These compounds are widely used as building blocks for polymers, but are also used in solvents, cosmetics and detergents. They are normally derived from oil-based feedstocks, from minor components in natural gas or from methanol, and are produced in volumes that rank among the largest of any chemical product worldwide 6 . The maximum selectivity with which shortchain olefins can currently be obtained from an industrial Fischer-Tropsch operation is 24%, in a process 5 that uses an iron carbide catalyst. This process operates at a relatively high temperature of 330-350 °C, and is optimized for petrol production rather than olefin content. New catalysts need to be designed to maximize the selectivity with which these valuable olefins can be produced.
Highly promising results have previously been obtained [6] [7] [8] using iron-based catalysts modified with 'promoter' compounds, such as sulfur mixed with either potassium or sodium. Olefin selectivities of about 60% could be achieved in this way on a laboratory scale. However, these reactions normally need temperatures of 300-350 °C, which can cause carbon to be deposited on the catalyst surface, deactivating the catalyst and shortening its lifetime 6 . Short-chain olefins can also be selectively made from synthesis gas using an alternative 9 to the Fischer-Tropsch process that involves a different catalyst and min imizes undesired methane formation, but this method is not yet in commercial use.
Zhong et al. now report that nanoprisms of cobalt carbide produce short-chain olefins with up to about 61% selectivity in a FischerTropsch reaction ( Fig. 1 ), but at a much lower reaction temperature (250 °C) than is needed for iron-based catalysts. This finding is astonishing for several reasons. First, the industrial cobalt-catalysed Fischer-Tropsch reaction uses nanoparticles of metallic cobalt to produce synthetic fuels while minimizing olefin production (less than 5%) 10 . In that reaction, carbidic cobalt is typically viewed as an undesirable compound that has low catalytic activity, and which produces a large amount of unwanted methane 11 . Second, the industrial cobalt-catalysed reaction involves mostly spherical nanoparticles of cobalt. The observation that selective olefin formation occurs on differently shaped cobalt carbide crystallites is therefore unexpected, and underlines the role that different types of crystal surface have in catalytic reactions. Such a role is supported by Zhong and colleagues' theoretical predictions and by those of others 2 . But the most unexpected aspect of the authors' work is the discovery of the cobalt carbide nanoprisms themselves. These developed from mostly spherical, partially chemically reduced precursors made of a cobaltmanganese oxide composite during exposure to the reaction conditions. Large amounts of carbides do not normally form under these
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Cobalt gets in shape
Solid cobalt-based catalysts are used commercially to convert carbon monoxide and hydrogen into synthetic fuels. It emerges that much more valuable chemicals can be produced by using a different form of cobalt catalyst. See Letter p.84
CO + H 2
Ineffective reaction Short-chain olefins 4 report that nanoprisms of cobalt carbide selectively convert synthesis gas into compounds called short-chain olefins, which are high-value intermediates used to make polymers and other petrochemicals.
conditions, and the authors show that the presence of manganese and residual sodium in the catalyst precursor might have been instrumental in the carbide formation and in causing the nanoprism shape to develop.
Some of these findings seem to be serendipitous, but their potential impact cannot be overestimated: they might open up pathways for the development of greatly improved systems for producing valuable chemicals from a variety of carbon sources. The findings also stimulate questions and ideas about the general role of cobalt carbides in the Fischer-Tropsch reaction, and about whether other shapes of cobalt and cobalt carbide nanoparticles are suitable for this process. Other forms of cobalt that have not conventionally been used in this reaction, such as cobalt nitrides, could also now be investigated.
Zhong and colleagues' cobalt-based catalyst might outperform its iron-based counterparts, because it operates at lower temperatures and is therefore potentially deactivated more slowly. However, the preparation of the catalyst is yet to be optimized, as is its formulation -the addition of promoter compounds might increase its performance, for example. Only about 30% of the carbon monoxide used in the reaction is currently converted, and so the operating conditions should also be studied to improve this, while maintaining or increasing the olefin selectivity.
Nonetheless, this is a groundbreaking contribution that further unlocks the immense potential of the Fischer-Tropsch process for producing chemicals. Zhong et al. have thrown open the reaction's treasure chest, and added fresh momentum to research into methods for making olefins from synthesis gas. Perhaps other valuable compounds, such as those that contain oxygen or nitrogen 12, 13 , are also within our grasp. ■ 
Michael Claeys is at the Catalysis Institute and the DST/NRF Centre of Excellence in
Acidic shield puts a chink in p53's armour
Underactivity of the transcription factor p53 can lead to tumour development. The discovery that the SET protein binds to and inhibits p53 points to a way to unleash the tumour suppressor's activity. See Letter p.118
M I C H E L L E C . B A R TO N
I n human history, possession of unbridled power has typically ended badly. The same is true in biology, as illustrated by studies of the tumour-suppressor protein p53. Stringent control is required to restrain this transcription factor's potent ability to cause cell death, arrest a cell in stasis or alter the course of metabolism. However, these controls need to be reversible, because p53 must be rapidly activated to protect cells from a wide variety of cellular stresses that promote tumour development 1 . On page 118, Wang et al. 2 reveal a previously unknown mechanism of restraining p53, which involves the formation of a reversible, acidic protein 'shield' that prevents the carboxy-terminal end of p53 from interacting with the cell's transcriptional machinery.
The carboxy-terminal domain (CTD) of p53 is a veritable hub of regulatory signalling. The six lysine residues within this 30-amino-acid region can be modified by several different types of molecule to alter how p53 regulates target genes, the stability of the protein, or its interactions with target DNA 1 . For instance, the addition of acetyl molecules to these lysine residues in response to cellular stressors such as DNA damage activates p53, leading to the transcription of target genes. But despite much research, exactly how this lysine acetylation controls p53's activity has remained unclear.
To drill down into this question, Wang and colleagues began with an unbiased, biochemical approach to identify proteins that interact with the p53 CTD, both when the protein is activated by lysine acetylation and when it lacks acetyl groups and is inactive. Surprisingly, and in contrast to previous studies, the authors found no proteins that bound to the acetylated CTD under their assay conditions, and only one, the tumour-promoting SET protein, that interacted with the unacetylated CTD.
The researchers show that SET acts as a transcriptional co-repressor, inhibiting p53's transcription-factor activity when bound to the CTD (Fig. 1) . This inhibition relies on reversible electrostatic interactions between positively charged, basic amino acids in the unacetylated p53 CTD and a region of SET comprising long stretches of clustered, highly acidic and negatively charged amino acids.
SET-CTD binding does not disrupt p53's interaction with its target DNA-binding sites, meaning that inactive p53 is poised to activate target genes, which is probably beneficial for a rapid stress response. Instead, SET acts as a shield, preventing the transcriptional co-activator proteins p300 and CBP from interacting with p53 and with nearby DNA and associated histone proteins, and so blocking target-gene activation in the absence of cellular stress.
Wang et al. defined highly acidic domains, such as that described for SET, as stretches of at least 46 amino acids, of which more than 76% of residues are acidic and are found in clusters across the domain. The authors searched the UniProt database 3 for other highly acidic domain proteins, and found only 49 that fitted these criteria, including the p53-interacting proteins DAXX, PELP1 and VPRBP. The group demonstrated that these proteins can bind to the unacetylated, but not the acetylated, p53 CTD. This finding suggests a a, Under conditions of cellular stress, acetyl groups (Ac) are added to six lysine amino-acid residues in the carboxy-terminal domain (CTD) of the tumour-suppressor protein p53. The protein binds to target DNA sequences and interacts with one of the two co-activator proteins CBP and p300, which acetylate DNA-associated histone proteins. These interactions together promote gene transcription. b, Wang et al. 2 report that, in the absence of stress and lysine acetylation, a highly acidic, negatively charged domain of the protein SET binds to the positively charged p53 CTD. Although SET-bound p53 can bind DNA, it cannot interact with p300 or CBP, and thus transcription is inhibited. 
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